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Type II and III
Solar Radio Bursts
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Slowly descending in 
frequency as coronal mass 

ejections expand into 
heliosphere

Rapidly drop in frequency as 
electron beams escape from 

active regions along open 
field lines



Science Implementation Concept
Synthetic Aperture!
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• First interferometer in space, first 
decametric-hectometric (DH) 
imaging

• Loose formation of six 6U form 
factor CubeSats in ~ 10 km 
sphere

• GEO+ Orbit (25 hr orbit period)
• DH radio receiver (0.1 MHz – 20 

MHz) with crossed 5 m dipole 
antennas 

• Data collection in 0.655 ms
bursts every 100 ms, select from 
4096 frequencies

• Relative position knowledge to 
within 3 m and timing to ns

• Direct delivery to GEO+ as 
secondary payload

• 3 GB of data per week, all 
downloaded no bursts or triggers

• 2022 March Launch Readiness, 
six month Phase E

Science Implementation
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Space-based Radio Interferometer

Lift Long Wavelength Array-Owens Valley (or LWA1 or LOFAR or 
RAPID or …) into space.
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Space-based Radio Interferometer

How hard can it be?
• Power
• Radiation environment
• Reliability
• Position and time knowledge
• Data movement
• Collisions(!)
• …

Boundary Conditions
Ø Explorer program
Ø Feasible now, i.e., no 

technology development
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Space-based Radio Interferometer
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Data Movement
Science Implementation Challenge
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Observing at 10 MHz
Each spacecraft generates 160 Mbps, right?
• 10 MHz Nyquist sampled = 20 Msamples/s
• 2 polarizations
• 4 bit sampling
Commercial wireless routers advertise 1000+ 

Mbps
∴ No problem!



Data Movement
Science Implementation Challenge
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Observing at 10 MHz
Each spacecraft generates 160 Mbps, right?
• 10 MHz Nyquist sampled = 20 Msamples/s
• 2 polarizations
• 4 bit sampling
Commercial wireless routers advertise 1000+ Mbps
∴ No problem!
Problem: spectrum allocations limit SunRISE to 2 

Mbps
Solution: Reduce total bandwidth
Solution: Use DSN multi-spacecraft per aperture
Solution: Correlation done on ground



Correlation
Science Implementation Challenge
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Position and time knowledge of spacecraft 
required

Sub-meter knowledge
Problem: 3 radios?  Science, 

telecommunications, ranging
Mass, power, …

Problem: Real-time orbit determination?
Solution: Use FX Correlator architecture 

coupled with GPS timing, dump spectra to 
ground, subsequent ground-based precise 
orbit determination and correlation



Collisions
Science Implementation Challenge
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Spacecraft are 0.3 m in size (5 m 
antennas)

Separations >~ 1 km
∴ No problem! St
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Collisions
Science Implementation Challenge
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Spacecraft are 0.3 m in size (5 m 
antennas)

Separations >~ 1 km
∴ No problem!
Problem: (1 mm/s) × 1 week ~ 0.5 km
Solution: Orbital maintenance required
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Space-based Low Radio Frequency Arrays

The Astronomical Low Frequency Array
Viewing the Sun and Universe in a New Light

_________________________   __________________________
Dr. Dayton L. Jones Dr. Charles Elachi
Principal Investigator Space and Earth Sciences Directorate
Mail code 238-332 Mail code 180-704
Jet Propulsion Laboratory Jet Propulsion Laboratory
4800 Oak Grove Drive                                 4800 Oak Grove Drive
Pasadena, CA  91109-0899           Pasadena, CA  91109-0899
Phone: (818) 354-7774                               Phone: (818) 354-5673
Fax: (818) 393-6890                                 Fax: (818) 354-2946
E-mail:    dj@bllac.jpl.nasa.gov    E-mail:   Charles.Elachi@jpl.nasa.gov

RESTRICTION ON USE AND DISCLOSURE OF PROPOSAL AND QUOTATION INFORMATION
The information contained in all pages of this proposal or quotation constitutes a trade secret and/or information that is commercial or financial
and confidential or privileged.  It is furnished to the Government in confidence with the understanding that it will not, without permission of the
offeror, be used or disclosed for other than evaluation purposes; provided, however, that in the event a contract is awarded on the basis of this
proposal or quotation, the Government shall have the right to use and disclose this information to the extent provided in the contract.  This
restriction does not limit the Government’s right to use or disclose this information, if obtained from another source without restriction.

JJJJ

The scientific rewards of such a space 
mission are likely to be great.  … a 
low frequency telescope in space can 
… study the impulsive low frequency 
emission from Jupiter and the Sun ….



Sun Radio Interferometer Space Experiment
Space-based Radio Interferometer
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Dawn of space-based arrays
Small spacecraft enabling technology
SunRISE in Phase A

Exciting science 
Fundamental plasma physics in the heliosphere, 
planetary magnetospheres, nearby pulsars, …

Scaling to much larger arrays may yet require 
technology development

Miniaturization, new data movement approaches, robust 
real-time position and timing knowledge, on-orbit 
correlation



backup



Concept of Operations
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Solar and Space Physics

Goal 1. Determine the origins of the 
Sun’s activity and predict the 
variations in the space environment.
Goal 2. Determine the dynamics and coupling 
of Earth’s magnetosphere, ionosphere, and 
atmosphere … .
Goal 3. Determine the interaction of the Sun 
with the solar system and the interstellar 
medium.
Goal 4. Discover and characterize fun-
damental processes that occur both 
within the heliosphere and throughout 
the universe.
SHP Panel Goal 3. Determine how 
magnetic energy is stored and 
explosively released.



The Acceleration of Solar Energetic Particles
SunRISE Objective #1

Discriminate 
competing hypotheses 
for the generation of 
solar energetic 
particles by measuring 
the location and 
morphology of 
associated Type II radio 
emissions.

Major solar energetic 
particle events proceeded 
(95% of time) by Type II 
radio burst below 15 MHz

Sun Radio Imaging Space Experiment 20
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The Release of Solar Energetic Particles into Space
SunRISE Objective #2

Discriminate competing 
hypotheses for the 
variable magnetic 
connection between 
active regions and the 
inner heliosphere by 
reconstructing magnetic 
field lines associated 
with Type III radio 
bursts.



Ground-based measurements 
limited to r ~ 2 R¤

Limited frequency range cannot 
track evolution, limits extent to 
which radio-optical images can be 
aligned /correlated

CME Evolution and Particle Acceleration

(Hariharan et al. 2014)

80 MHz Gauribidanur imageSDO-AIA 193 Å and SOHO-LASCO C2 
images

CME (white light)
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Science Implementation
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6 6U spacecraft
Observing 0.1 MHz—25 MHz
Located in supersynchronous GEO orbit (a.k.a. 
GEO graveyard)
Observing solar Type II and Type III bursts

NASA/Heliophysics Announcement of 
Opportunity c. 2016 July  20

SunRISE proposal submitted
(NASA/Heliophysics SALMON-2 PEA Q/MOO SCM) 2016 October 14

SunRISE selected 2017 July 28
SunRISE Concept Study Report due 2018 July 30
Launch c. 2022 July
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Breaking News!

DHFR
Launch 
August 25!
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Schedule
SunRISE

NASA/Heliophysics Announcement of 
Opportunity c. 2016 July  20

SunRISE proposal submitted
(NASA/Heliophysics SALMON-2 PEA 
Q/MOO SCM)

2016 October 14

SunRISE selected 2017 July 28
SunRISE Step 2 proposal submitted c. 2018 July
Launch c. 2022 July



Sun Radio Imaging Space Experiment
Mission Concept
• Use radio emission to track 

particle acceleration and 
transport

• 6 spacecraft synthetic aperture
• Simple science payload
• Robust concept of operations
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GNSS (MEO)

GEO:  Alt. 35786 km  

Side Lobe

Main Beam

No Visibility

SunRISE

Position Determination
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